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ABSTRACT 
OBJECTIVE: The objective of this systematic review is to determine whether or not high 
intensity treadmill therapy is effective in helping children with Down syndrome attain motor 
milestones at an earlier age. 
STUDY DESIGN: Review of three English language primary studies, two of which were 
published in 2008 and the other in 2010.  
DATA SOURCES: Randomized controlled trials comparing a high intensity treadmill group of 
infants to a low intensity treadmill group were found using Ovid, MEDLINE and Cochrane 
databases.  
OUTCOME MEASURED: The outcomes that were measured include age at which milestones 
are reached, rate of progression and stepping and the amount of time spent in high intensity trunk 
and leg activity. The tools used to measure these were T-test scores, Cohen D statistic, and 
ANOVA F-scores. 
RESULTS: Two of the Three RCT’s showed that the experimental group or high intensity 
treadmill group allowed children to reach their motor milestones at an earlier age than children in 
the low intensity treadmill therapy group. The third RCT compared treadmill therapy with 
orthoses to treadmill therapy alone and this study showed that the control group (treadmill 
therapy alone) actually had better statistics than the experimental group but in any case they both 
had positive effects on the children reaching their motor milestones at an earlier age.  
CONCLUSIONS:  The results of the RCT’s reviewed demonstrate that treadmill therapy is 
effective for children with Down syndrome to attain their motor milestones at an earlier age. 
Specifically higher intensity treadmill therapy leads to a more noticeable age discrepancy but 
both therapies have produced results. It is unknown whether orthoses made a difference for the 
children. Further research is needed to determine length of therapy and the specific intensity of 
therapy required to yield maximum results. 
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INTRODUCTION  
 Down syndrome is a genetic disorder resulting from a trisomy (extra copy) of 
chromosome 21 that can be identified in utero in most cases and definitely after birth. Prevalence 
of the disorder is 1.36 out of every 1,000 live births. Down syndrome most commonly affects 
cognitive ability but children may also display delayed and atypical motor development.
2
 The 
common intellectual disabilities include delays in speech, language production, nonverbal 
cognitive development, and auditory short-term memory. Delayed motor skills in children with 
Down syndrome are usually attributed to ligamentous laxity, delayed postural reactions and 
myelination, low muscle tone, and congenital heart defects. Children with Down syndrome tend 
to sit without support by 11 months, pull up to a standing position at about 17 months and walk 3 
independent steps at 24-26 months. Whereas the normal milestone ages are 6 months, 9 months 
and 12-18 months respectively, according to the Denver Development Scale.
3
 
 Self-generated and spontaneous movements have been shown to positively influence 
motor development. The challenge that parents and pediatric therapists find are creating ways to 
promote practice of these locomotor skills (crawling and walking) before the skills actually 
emerge. Another challenge for therapists is to determine the dosage and intensity of therapy 
which will yield the greatest results.
1 
Treadmill therapy for children with Down syndrome has 
showed promise as a potential early intervention. A study has already shown that physical 
therapy intervention supplemented with treadmill training by parents in their homes leads to a 
significantly earlier onset of independent walking than regularly scheduled physical therapy 
intervention only.
3
 Some other studies have utilized ankle weights while walking on the 
treadmill, increasing belt speed and increasing daily training times.
1
 One specific intervention  
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also incorporated orthoses use, to improve functional gait.
2 
 Physical therapy and orthoses are 
suitable ways to help earlier motor development and functional gait in children with DS, but 
using high intensity treadmill therapy alone or in conjunction with physical therapy and orthoses 
may allow children to reach their motor milestones much earlier. 
 Down syndrome clinics located throughout the U.S. are typically limited to large cities. 
Physician assistants will be important players in the care of children with Down syndrome in 
rural areas and it is important that they are aware of the resources available. This awareness will 
help children get the appropriate therapy needed whether it is physical therapy, treadmill therapy 
or other important resources such as occupational therapy and speech therapy. If treadmill 
therapy is found to benefit children with Down syndrome then hopefully insurance companies 
will pay for the specific physical therapy or even to put treadmills in patients’ homes. As of right 
now the cost of this rehabilitation is unknown. However, if not paid for by insurance companies 
this therapy could get very expensive for patients and may not be utilized.   
OBJECTIVE 
The goal of this systematic review is to determine whether or not high intensity treadmill 
therapy is effective in helping children with Down syndrome attain motor milestones at an earlier 
age when compared to infants in a control group that are involved in low intensity treadmill 
therapy.  
METHODS 
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A detailed search was completed, using the search engines MEDLINE, Cochrane 
Database of Randomized Controlled Trials, Cochrane Database of Systematic Reviews and 
OVID. The key words that were searched in order to find English articles that published in peer 
reviewed articles included “Down syndrome”, “Infants”, “Motor Milestones” and “Treadmill 
Therapy”. The resulting articles were all published from 2008-2010 and had not been previously 
used in a systematic review or meta-analysis. The Randomized Controlled Trials involved 
showed statistical significance (p <0.05) for all results. Inclusion criteria for this review were 
POEMs (patient oriented evidence that matters), RCTs, prospective and studies published in 
2002 or later. Exclusion criteria included patients that had other developmental disabilities, and 
patients that used orthoses prior.  
RCTs were searched for that studied whether treadmill therapy affected the age at which 
infants with Down syndrome began to walk. Two randomized controlled trials were selected that 
utilized an experimental group using high intensity treadmill therapy to a control group using 
low intensity treadmill therapy in infants with Down syndrome that could take at least 6 
spontaneous steps on the treadmill in any given minute of the testing session. One randomized 
controlled trial was selected that compared high intensity treadmill therapy with the use of 
orthoses to a low intensity group without the use of orthoses. These children had to be able to 
pull their selves up but not cruise. This study was stopped when the infants took 3 independent 
steps without support. Table 1 includes the demographics of the included studies.  
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Table 1- Characteristics of studies included for analysis of treadmill therapy used to increase the 
age at which children with Down syndrome reach motor milestones. 
Study Type # of 
Pts 
Age 
(mos) 
Inclusion Criteria Exclusion 
Criteria 
W/D Interventions 
Angulo-
Barroso, 
USA,  
2007    
(1) 
RCT 30 21.8-
36.5 
Infants with Down 
syndrome 
 
Infants needed to 
be able to take a 
minimum of 6 
spontaneous steps 
on the treadmill in 
any given minute 
of a 5 min. testing 
session. 
If patients 
could not walk 
the 6 steps the 
experiment 
was delayed 
until the child 
could.  
6 High intensity 
treadmill 
therapy group 
vs. Low 
intensity 
treadmill 
therapy group 
Ulrich, 
USA, 
2008    
(2) 
RCT 36 11.6-
24.9 
Infants with Down 
syndrome.  
 
Ability to take a 
minimum of 6 
supported steps in 
a given minute on 
the treadmill 
Presence of a 
seizure 
disorder, non-
correctable 
vision 
problems, and 
any other 
medical 
condition that 
would severely 
limit a child’s 
participation 
6 High intensity 
treadmill 
therapy group 
vs. Low 
intensity 
treadmill 
therapy group 
Looper, 
USA, 
2010    
(3) 
RCT 22 18.6-
20.7 
Trisomy 21 (Down 
Syndrome) 
 
Infants had to be 
able to pull 
themselves to a 
standing position 
If patients were 
able to walk 
independently  
 
History of 
other 
developmental 
disabilities 
(visual or 
hearing 
impairments, 
use of prior 
orthoses, or 
intolerance to 
orthoses) 
5 Treadmill 
therapy + 
supramalleolar 
orthoses vs. 
Treadmill 
therapy alone 
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OUTCOMES MEASURED 
Outcomes measured had to be POEMS which mean that the outcomes of the treatment 
are evident to the patient. If the article did not have outcomes that were POEMS it could not be 
used. The outcomes in these RCTs include age at which milestones are reached, rate of 
progression and stepping and the amount of time spent in high intensity trunk and leg activity. 
To help measure these outcomes several tools were used, these included, gross motor function 
measure which were measured in T-test scores and Cohen D statistic, age at which motor 
milestones were reached and increase in stepping measured by Bayley scales of Infant 
Development and T-test scores, and trunk and ankle monitors to assess duration and magnitude 
of activity which was measured using ANOVA F-scores. 
RESULTS 
 The three randomized controlled trials presented in this review all had continuous data, 
none of the data was dichotomous nor could it be converted to dichotomous data. Data from the 
studies was presented using three different testing statistics. The three testing statistics include 
ANOVA F-scores, T-Test values, and Cohen D statistics.  
 Angulo-Barroso et al reported results of a high intensity treadmill therapy vs. a low 
intensity treadmill therapy using ANOVA F-scores. Children in this study were chosen based on 
the fact that they had a diagnosis of Down syndrome and also if they could walk on a treadmill 
for 6 steps in any given minute. Participants were followed-up for a year following the onset of 
independent walking. This was defined as the ability of the child to take three independent steps. 
It was determined that children in the low intensity group began walking at an average of 21.4  
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months while children in the high intensity group began walking at an average of 19.2 months. 
The ANOVA F-Scores and p-values for this study are shown below in Table 2. More time was 
spent in more intense activity than in low intensity physical activity according to the results 
below and all of the P-values are below 0.05 which makes them significant. 
Table 2- ANOVA F-Scores and P-values showing the results from the intervention phase and 
post-intervention phase of the study performed by Angulo-Barroso et al 2008. 
Intervention Phase  ANOVA F-Score by 
Physical Activity 
P-Value 
Trunk Duration 811.74 <0.001 
Trunk Magnitude 2319.34 <0.0001 
Leg Duration 818.35 <0.0001 
Leg Magnitude 4688.27 <0.0001 
Post-Intervention 
Phase 
Trunk Magnitude 1853.07 <0.0001 
Leg Duration 34.88 <0.0001 
Leg Magnitude 3844.43 <0.0001 
 
 Ulrich et al reported statistics of a high intensity treadmill therapy group using ankle 
weights vs. a low intensity treadmill therapy group without ankle weights using T-test values. 
Criteria for this study was similar to the above study in which children must have a diagnosis of 
Down Syndrome and be able to walk 6 steps on a treadmill in any given 1 minute period. 
Initially t-test results showed that at entry there were no differences between the stepping 
patterns of infants in the high intensity group and low intensity group. But by the last quintiles, 
infants in the HI group were progressing faster and stepping more than those in the LI group 
even though both showed increases over time. Only two of the statistical tests that were studied 
reached statistical significance of p <0.05 (Table 3). This was felt to be influenced by the loss of 
6 infants during the study.  
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Table 3- T-Test scores for high intensity and low intensity treadmill therapy for each motor 
milestone tested by Ulrich et al 2008. 
Motor Milestones T-Test Scores (months) P-Value 
 HI Group (High 
Intensity 
LG Group (Low 
Intensity) 
 
Moves Forward Using 
prewalking methods 
11.61 13.64 0.01 
Raises self to sitting 
position 
13.07 13.82 0.41 
Raises self to standing 
position 
13.40 15.18 0.05 
Walks 
sideways/cruises 
while holding onto 
furniture 
15.03 16.42 0.15 
Walks with help  14.33 16.19 0.10 
Stands alone 17.89 18.15 0.86 
Walks alone 19.23 21.36 0.14 
Walks alone with 
good coordination 
21.52 24.97 0.13 
 
 Looper et al reported statistics of a treadmill therapy group who were also using orthoses 
vs a treadmill therapy group without orthoses using T-test scores and Cohen D statistic. Criteria 
in which they chose participants for this study was a diagnosis of down syndrome and the ability 
to pull oneself up to standing but not cruise. This study had a confidence interval of 95% and 3 
out of 4 of the categories have statistically significant p-values of < 0.05. The Cohen D statistic 
gives effects sizes- 0.2- is small, 0.5 is moderate and 0.8 is large. The gross motor function 
measure was used to test motor skill development and there were four categories- GMFM Total, 
GMFM Crawling and Kneeling, GMFM Standing and GMFM walking, running and jumping. 
Cohen D statistic for total was 1.55 (large), crawling and kneeling was 0.22 (small), standing 
was 1.59 (large) and walking, running and jumping was 1.36 (large). Table 3 shows the T-test  
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values for this study. They hoped to see higher values in the experimental group than in the 
control group but that was not the case. Either way it was evident that treadmill therapy had a 
positive effect on the children and increased their motor milestones. 
Table 4- T-Test Scores of the GMFM categories studied by Looper and Ulrich 2010 at entry 
level and then after 1 month of walking experience. 
GMFM 
Categories 
Developmental Level at Study Entry Developmental Level at 1 month 
of Walking Experience 
 T-Test Scores 
 Control 
Group 
Experimental 
Group 
P-Value Control 
Group 
Experimental 
Group 
P-Value 
GMFM Total 130.89 148.40 0.01 195.67 183.78 0.01 
GMFM Sitting 52.00 54.70 0.20 N/A N/A N/A 
GMFM Crawling 
and Kneeling 
22.43 27.20 0.05 35.67 35.89 0.69 
GMFM Standing 4.43 9.80 0.01 28.67 21.00 0.01 
GMFM Walking, 
Running and 
Jumping 
1.00 5.70 0.01 20.33 15.89 0.02 
 
 Some variance from the intended protocols occurred since all of these studies were 
administered in the patients’ home and not all under direct supervision of the researchers. Some 
of the variance was attributable to family vacations, child and child caregiver illnesses, busy 
personal schedules and regression in treadmill stepping frequency for some infants when the 
protocol conditions increased. Parents were asked to make up the days missed but in some cases 
days were not able to be made up.  
DISCUSSION 
 Early interventions that increase physical activity level may help foster motor 
development. Specifically, for infants and young children with Down syndrome, early  
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interventions are critical to promoting positive developmental outcomes in both the cognitive and 
motor domains. Treadmill therapy has been shown to be effective in decreasing the delay in the 
onset of independent walking in infants with Down syndrome. In the study performed by Ulrich 
et al it is evident that the higher intensity group reached motor milestones at an earlier age than 
the lower intensity group. It did not appear at first as if the higher intensity group, which also had 
ankle weights, was benefiting from the therapy. Apparently the children just needed to build up 
leg muscle because by the last two sessions they were much farther ahead of the low intensity 
therapy group. It is believed that the low intensity group benefited from the therapy as well. 
Some factors which may have limited this study include the amount of dedication required by the 
patient and their family throughout the entire study and also the amount of variables in the higher 
intensity group such as manipulation of the daily duration of training, increasing the belt speed 
and also increasing the amount of ankle weights
3
. 
 The study performed by Looper and Ulrich shows that both the experimental group 
which used treadmill therapy + orthoses and the control group which was treadmill therapy alone 
experienced an increase in their GMFM scores by the end of the therapy. Numbers were 
expected to be higher in the experimental group but instead the control group actually produced 
better results after 1 month of independently walking. This study was started later than the other 
two studies so children were just pulling themselves to a standing position as the children in the 
other two studies were beginning to walk. Regardless they reached motor milestones quicker 
than if no intervention was used and therefore it is evident earlier implementation with treadmill 
therapy is important. The limitations that were involved in this study included that there was not 
an orthoses only group and also that there was no way to determine which orthoses are more  
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beneficial for the children. Also a larger sample size is required in order to produce a better 
statistical power. Finally, future studies should have a blinded clinician score the data to prevent 
bias in scoring
2
.  
 Finally, the study performed by Angulo-Barroso et al demonstrated that infants in the 
high intensity group spent significantly less time in leg and trunk lower activity and more time in 
high intensity activity than the low intensity group. Since the F-scores were so high for physical 
activity and the p-values are all <0.05 it is more likely that the effect is due to experimental 
intervention. Increasing the training duration, treadmill belt speed, and weights added to the legs 
improved physical drive in the infants in the high intensity therapy group. It is assumed that 
infants in the low intensity group also benefited from the intervention but it is impossible to 
know this for sure without a pure control group for comparison.  Limitations of this study 
include the fact that differences could not be examined between a pure control group and 
experimental group due to ethical issues. Furthermore, it is impossible to monitor whether all 
participants had the same quality of gait. This could have contributed to their levels of activity
1
.  
CONCLUSIONS 
 The studies reviewed demonstrate that treadmill therapy is an effective measure for 
children with Down syndrome to attain their motor milestones at an earlier age. Specifically, 
higher intensity treadmill therapy leads to a more noticeable age discrepancy but both therapies 
have produced results. It is unknown whether orthoses made a difference for the children but a 
better study can be performed using an orthoses only control group and also by regulating the 
types of orthoses used. Further research is needed to determine the length of therapy required and  
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the intensity required to yield maximum results. Studies should be designed that incorporate 
more supervised training sessions so it is evident that each child is receiving about the same level 
and amount of therapy. It is still evident that any early intervention produces positive 
developmental results for these children. Insurance companies will hopefully begin paying for 
this therapy or for families to purchase personal treadmills for their children with Down 
syndrome.  
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